Abstract The aim of our work has been to evaluate the different options of tracheoesophageal voice rehabilitation in over 70-year-old patients, who had undergone laryngectomy, assessing advantages and drawbacks of this method of vocal recovery. A retrospective study has been carried out. This has included 40 subjects, all aged more than 70 years old, who have been referred to tracheoesophageal voice rehabilitation. It has been realized a phonatory fistula between trachea and esophagus with prosthesis positioning by means of a primary puncture in 18 cases and it has been realized a secondary puncture in 22 cases. The results gathered in these patients were compared with data obtained from a group made of 39 patients, less than 70 years of age that therefore represented our control group. In primary tracheoesophageal puncture (TEP), the short-term success was 67 %, while in the 22 cases who underwent secondary TEP, the short-term success was 64 %. After 2 years from TEP, the long-term success was 82.5 %. In the control group, the short-term success was 65 % in primary TEP and 73 % in secondary TEP. After 2 years from TEP, the long-term success was 77 %. The evaluation of the results has shown the absence of a statistically significant difference both as regards complications incidence, during and after surgery (p [ 0.9) and as regards overall success ratio of prosthesis implants between the two groups (p [ 0.7). The possibilities of tracheoesophageal recovery of elderly patients do not show dissimilarities in comparison with the results in younger subjects.
Introduction
The awareness of the serious disablement related to larynx removal induced the laryngologists, since the beginning of this surgery, to look for different solutions of functional recovery.
From very first attempts carried out by Billroth and Gussenbauer, in 1874, to more recent times, experimental and clinical researches aimed to the possibility of functional voice recovery have followed different paths. Nowadays, these developments have brought post laryngectomy rehabilitation to three main methods: esophageal speech education, electronic aids and tracheoesophageal puncture with prosthesis placement.
Undoubtedly one of the most widely used methods of vocal rehabilitation of laryngectomee is esophageal speech. Even though it does not reach the perfection of the normal voice, in qualitative terms, it is socially effective, allowing understandable communication also at distance. Unfortunately, literature data suggest that only a low percentage can obtain good phonatory results. This is mainly due to anatomical and functional alterations in upper aerodigestive tract, inadequate distribution of logopedic schools over the territory, lack of motivation or psychological refusal of esophageal phonation [1] .
The most widely used electronic devices are nowadays the so-called laryngophones, improperly addressed as artificial larynxes. Essentially, they are made up of an oscillator device that, put on the neck skin, causes a vibration and this is spread through hypopharyngeal walls that become the source of the sound. The advantages linked to the use of such devices, in comparison with the use of the esophageal voice, are substantially represented by immediate recovery of the voice, without needing logopedic rehabilitation and by voice restoration even in patients with gastroesophageal problems. Moreover, this method is accepted also by patients who refuse esophageal voice because of psychological motivations. Main drawbacks are linked to the production of unnatural voice and to the need for using a hand, such elements largely limit the use of this methodic compared to the more natural esophageal voice.
Tracheoesophageal puncture and placement of modern voice prosthesis has found wide usage throughout the 1980s when Blom and Singer introduced an innovative model of prosthesis. That, when positioned in a tracheoesophageal fistula, which was created on purpose during laryngectomy (primary TEP) or subsequently made (secondary TEP), allowed the production of voice with greater intelligibility and naturalness in comparison with esophageal voice. Therefore, it is clear that, today, laryngectomees or patients who are going to undergo laryngectomy must be properly informed, during presurgical counseling, about the various chances of voice rehabilitation, underling both advantages and limits related to the aforementioned methods of voice recovery. This is particularly important especially if it is considered that recent data suggest an age range for patients being referred to total laryngectomy (TL) between the 6th and the 7th decades of life [2] [3] [4] [5] [6] [7] . According to this point of view, patients over 70 years of age deserve particular care because they are not only mutilated in their vocal function, but even lack, for age reasons, appropriate motivations to any voice recovery. In addition, they present several comorbidities that could severely limit the choice of a more profitable treatment, such as prosthesis implant.
The aim of our work has been to evaluate the different options of tracheoesophageal voice rehabilitation in over 70-year-old patients who had undergone laryngectomy, assessing advantages and drawbacks of this method of vocal recovery.
Materials and methods
At the Otorhinolaryngological Clinic of the Department of Medical and Surgical Specialties of the University of Catania a retrospective study, regarding the period between 2000 and 2010, has been carried out. This work has included 40 subjects, all aged more than 70 years old (range 70-85, mean 77.5), who have undergone laryngectomy and who have subsequently been referred to voice rehabilitation. The group was made of 32 male patients and 8 female patients. As regards disease control: 16 patients underwent total laryngectomy (TL), 11 patients underwent TL and neck dissection (ND), 11 patients underwent TL and neck dissection (ND) and postoperative radiotherapy (PORT), 2 patients underwent TL with partial hypopharyngectomy without reconstruction (Table 1 ). In particular, it has been realized a phonatory fistula between trachea and esophagus with prosthesis positioning by means of a primary puncture (primary TEP) in 18 cases and it has been realized a secondary puncture (secondary TEP) in 22 cases (Table 2 ); all the tracheoesophageal punctures were performed after appropriate assessment of motivations, local oncological conditions, comorbidities, and psychic and physical fitness, both local and systemic.
Procedures for primary and secondary TEP were carried out according to those described by other authors [8, 9] . All patients were rehabilitated with indwelling Provox voice prostheses (Atos Medical AB, Hörby, Sweden).
The local institutional review board approved the study protocol and informed consent was obtained from the patients.
In all patients, a surgical refinements was performed at the time of TL for prevention of hypertonicity of the neoglottis, microstoma or deep stoma and pseudo-vallecula formation. In particular was performed a short cricopharyngeal myotomy, a tracheostoma construction by suturing the skin flap as far back as possible to the lateral-posterior tracheal cartilage and sectioning of the sternal head of the sternocleidomastoid muscles, and a pharyngeal reconstruction by closure in T-shape and constrictor muscle closure across the midline and to base of tongue muscles.
In secondary TEP, it was carried out a presurgical evaluation of pharyngoesophageal segment (PES) tonicity by means of insufflation test as described by Blom et al. [10] . A swallowing videofluoroscopy was eventually TL total laryngectomy, ND neck dissection, PORT postoperative radiotherapy performed to rule out a hypertonicity or spasm of the PES.
Patients with hypertonicity or spasm of the PES did not undergo voice prosthesis insertion and were excluded from the examination group. The results gathered in the selected 40 patients, all over 70 years old, were compared with the data obtained from a group made of 39 patients, under 70 years of age that therefore represented our control group. In the latter group, age range was between 40 and 69 years old, with a mean of 54.5 years, sex distribution was 30 males and 9 females, and treatment options carried out were represented by: 13 cases of TL, 11 cases TL and ND, 12 cases TL and ND and PORT, 3 cases of TL with partial hypopharyngectomy without reconstruction (Table 1 ). In this group has been realized a phonatory fistula between trachea and esophagus with prosthesis positioning by means of a primary puncture (Primary TEP) in 17 cases and it has been realized a secondary puncture (Secondary TEP) in 22 cases ( Table 2) .
The results have been obtained analyzing complications and problems during and after the surgery, short-term success, which was given by vocal recovery after 3 months, and long-term success, which was evaluated no sooner than 2 years after surgical procedures, according to the parameters use, quality and care as they are stated by the Harrison-Robillard-Schultz (HRS) TEP rating scale [11] (Table 3) .
Categorical data were presented as frequency of occurrence, and the v 2 test and the Fisher's test were used to assess differences between groups.
Results
In primary TEP, no complications during and after surgery were observed. In four cases, it was seen an instability of tracheostomy diameter that prevented cannula removing and needed for adequate management a fenestrated Larytube use, making particularly difficult the counseling for tracheoesophageal voice learning and reducing vocal intelligibility. In two other cases, both referred to PORT, was observed a reduction of vocal intelligibility with strain voice, unsuitable for functional use during conversation. In this group, short-term success was 67 %.
In 22 cases, who underwent secondary TEP, time between laryngectomy and prosthesis implant was on an average 15.2 months, with a range from 14.2 to 16 months. In this group, two cases of tracheoesophageal fistula infection were recorded with peristomal cellulitis, and this made necessity to immediate removal of prosthesis and antibiotic therapy that has led to subsequent healing of tracheoesophageal tissues. Moreover, another case of postsurgical infection of the fistula was observed, due to inappropriate diameter of prosthesis and this was treated with longer prosthesis use. Lastly, intelligibility was poor and unsuitable for conversation in five cases, thence determining a short-term success of 64 %.
As far as long-term success is concerned the parameters taken into consideration were use, quality and care as stated by the HRS TEP rating scale [11] (Table 3) . Tracheoesophageal rehabilitation was considered successful for total overall score of 11 or higher. After 2 years from TEP, the long-term success (HRS overall score C11) was 82.5 % (33/40), with 78 % in primary TEP and 86 % in secondary TEP (Table 4 ). The mean of HRS rating scale was 11.4 in patients with primary TEP and 11.5 in patients with secondary TEP.
In the control group, among the 17 patients referred to primary TEP was recorded a microstoma in three cases and the absence of vocal function in other three cases, with a short-term success of 65 %. In secondary TEP the time between laryngectomy and prosthesis implant was on average 12.2 months, with a range from 10.1 to 14.3 months and, in this group, were observed two case of mediastinitis and in two cases was seen a peristomal cellulitis, both treated with antibiotic therapy and prosthesis removal. Moreover, two cases of intelligibility reduction were recorded, determining a short-term success rate of 73 %.
After 2 years from TEP, the long-term success (HRS overall score C 11) was 77 % (30/39), with 70 % in primary TEP and 82 % in secondary TEP (Table 4 ). The mean of HRS rating scale was 11.7 in patients with primary TEP and 12 in patients with secondary TEP.
The evaluation of the results has shown the absence of a statistically significant difference both as regards complications incidence, during and after surgery (p [ 0.9) ( Table 5 ) and as regards overall success ratio of prosthesis implants between the two groups (p [ 0.7) ( Table 4) .
The success rate was 86 % without PORT use and 73 % with PORT among patients over 70 years old and 78 % without PORT and 75 % with PORT in the control group. The mean of HRS rating scale of patients, who underwent PORT was 11.2 points and the HRS rating scale of patients, who did not undergo PORT was 11.4 points. In addition, comparing PORT exposed subgroups, no statistically significant difference can be found between the two groups (p [ 0.8) (Table 6 ). 
Discussion
There is no evidence of clinical contraindication to referring geriatric patients to esophageal rehabilitation or to using electric devices. Nevertheless, the latter option should be suggested only after a failure of esophageal voice learning or because of absolute contraindications to tracheoesophageal puncture. In this context, older patient would seem more easily addressed to esophageal speech education. However, even this is not absolutely free of failure, that is mainly related to fickleness in logopedic training or cricoesophageal muscles and inferior pharyngeal constrictor hypertonicity or psychological refusal of this method of vocal restoration.
On the other side, the choice of esophageal rehabilitation, in these patients, seems to be linked particularly to the need for minimizing the drawbacks of house management of voice prosthesis that, even if positioned by means of primary TEP, requires several clinical efforts of patients. Furthermore, in case of secondary TEP, disadvantages related to a new surgical procedure would gain greater importance, with several complications described such as Table 3 Harrison-Robillard-Shultz TEP rating scale [11] A. Use
The degree of use of tracheoesophageal speech 
PORT postoperative radiotherapy paraesophageal abscesses, esophageal perforations and stenosis, cellulitis, cervical spine fractures, osteomyelitis that luckily are rare [12] (16 % in our study group and 18 % in the control group). Nonetheless, even in this group of patients, the choice of the rehabilitation method that gives the best vocal result should point towards the voice prosthesis. In addition, considering that possible limits of use are only theoretical if the geriatric patients are found properly suitable as regards psychophysical conditions and motivation, which are the basis needed for obtaining rehabilitation success in tracheoesophageal recovery [13] .
Besides, in this context, the decision between primary and secondary TEP could be hard. Indeed if primary TEP eliminates the already rare complications related to the surgical procedure of secondary TEP, on the other hand in the latter we do not have adequate prognostic information about rehabilitation success, linked to possible stenosis or unexpected hypertonicity and/or spasm of pharyngoesophageal segment. These are particularly notable in patients who have undergone radiotherapy, that should be treated first with appropriate logopedic training, before using more complex options such as chemical denervation, botulinum toxin injection, secondary myotomy of pharyngeal constrictor with, if necessary, unilateral neurectomy of pharyngeal plexus. The choice, in such group of patients, of primary implant should be considered according to the aforementioned problems, and the need for a primary myotomy of the cricopharyngeal muscle during laryngectomy, reducing the chances of hypertonicity and/or spasm, which could lead to treatment failure and to further procedures, interfering with the motivation of an older patient [3] .
Hence, the choice of secondary TEP, in such patients, could seem more favorable allowing a stabilized and more suitable clinical condition, as far as pharyngoesophageal tonicity, stoma diameter and radiotherapy results are concerned, which could improve the success rate in rehabilitation of laryngectomized patients over the age of 70.
Data addressing the tracheoesophageal vocal recovery in older patients are given by Chone et al. [3] in a study enlisting 71 patients with a success rate of 96 % for primary TEP and 75 % in secondary TEP, concluding that age does not hinder rehabilitation success.
As regards prosthesis duration, data from literature review show, surprisingly, in case series by Op de Coul et al. [2] about 318 patients from 29 to 88 years of age, a mean device life of 99 days in the group aged under 60 years, of 111 days in the group aged between 60 and 70 years and 147 days in the group aged over 70 years. Furthermore, in this report was shown how different parameters, such as age, sex, type and stage of tumor, myotomy, neurectomy, do not interfere with possible fistula pathology related to prosthesis presence. In contrast, a worse vocal result in the voice quality assessments score (MVQ) was found in subject over 70 years of age in comparison to younger ones. This result was due to both a larger surgical procedure, which needed, in higher percentage, hypopharyngeal sacrifice and a functional situation of lungs that was definitely worse than in younger patients [2] .
An important addition is given by Boscolo-Rizzo et al. [14] who reported, in a group of 93 patients, a success rate of 97.5 % among subjects under 61 years of age and a success rate of 69.8 % among subjects over 61 years of age, assuming that younger age improves vocal rehabilitation in primary TEP, but not in secondary TEP.
More figures about prosthesis life are reported by Lequeux et al. [15] about 38 prosthesis patients in whom it was recorded a mean device life of 340 days (Provox) among patients with an age under 60 years in comparison to 392 days among patients, with the same prosthesis, aged over 60 years; moreover, it was observed a mean device life of 217 days (Provox II) among patients with an age under 60 years in comparison to 201 days among patients, with the same prosthesis, aged over 60 years.
Our results in the two groups give a mean device life of 320 days (first generation Provox) and 355 days (second generation Provox) in the study group compared with 270 days (first generation Provox) and 315 days (second generation Provox) in the control group. This is justified by a lower fungal and bacterial aggression in geriatric patients.
Other interesting observation can be obtained by scientific contribution of Moerman et al. [16] about surgical closure of fistula in 12 patients of whom 9 above 70 years of age. In this work, it was shown that the main cause was the lack of use of vocal prosthesis.
Some data underlining the importance of regular use, in more than 70-year-old prosthetic patients, of devices, such as heat/moist exchange to reach the best lung recovery and/ or the use of automatic valve for free-hand phonation are described by Gonzales-Botas et al. [17, 18] , who studied 40 patients with an age between 33 and 78 years of age and by Lorenz et al., who enlisted 24 patients with age ranging from 42 to 78 years.
Conclusions
According to the clinical experience, obtained by studying patients analyzed in this work and in relation with the observations carried out on previously implanted patients that are now more than 70 years, we have found no significant differences, linked to the age, in surgical procedures or in prosthesis life or in fistula pathology that could hinder tracheoesophageal rehabilitation.
Therefore, on the basis of aforementioned data and in the light of current literature review, it seems clear that the rehabilitation choice should be linked mainly to patients' will, to whom all different options should be thoroughly described, properly addressing both indications and limits. In this context, the possibilities of tracheoesophageal recovery of geriatric patients do not show dissimilarities in comparison with results in younger subjects, on condition that there are adequate motivations and psychophysical suitability, allowing a high rate of short-and long-term success.
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